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WSN(Wireless Sensor Network) is an essential technology for 
USN(Ubiquitous Sensor Network) and it consists of process treating 
collected information, transmitting and receiving devices and sink 
nodes. The Sink node roles sending the collected data by sensors. 
WSN is not designed for communication means, but for automated 
remote data collecting. And it can be utilized at scientific, military and 
commercial application.
There are many technologies such as Z-Wave, Zigbee, Bluetooth, 
UWB(Ultra-Wideband), NFC(Near Field Communication) for USN. 
Recently, Zigbee has been in the spotlight among low-power and 
low-rate technologies. Z-wave technology is similar to Zigbee 
technology. Z-Wave, a proprietary technology developed by Zensys of 
Denmark, is competing with Zigbee to become the standard for 
automated home controls. About 50 companies in USA or Europe 
adopt Z-wave technology and they are making several products. 
Comparing with other technologies, Z-Wave has an advantage of low 
power consumption, two-way RF communication and mesh network. Its 
merits are available to control a sensor and device. Z-wave is possible 
to make it lighter, more energy efficient. With this special features, 
Z-Wave is expected to be a available solution in USN area.
In this thesis, the platform of automated home sensor network with 
Z-Wave is studied and implemented. The Z-Wave chipset, the ZW0201, 
is used at each sensor board. The 8-bit microcontroller interrelated 
8051 is adopted to synchronize and control a sensor node. The 8051 
functions at 16MHz includes 2kbyte RAM memory and 32kbyte flash 
ROM memory.
Using the microprocessor, it receives or transmits digital data. 
Master sensor board is connected with a computer and RS-232c 
through UGI(User Graphic Interface).
SHT11 developed by SENSIRION is used for humidity and 
temperature sensor.  The Z-Wave chipset, the ZW0201, and GUI is 
controled by C language. The compiler offered by developers kit of 
Zensys is used for implementing this system.
Realized sensor nodes are activated for the line of sight range 13m 
at hight 0m, 35m at hight 0.75m and 65m at hight 2m.
Output power is -3.619dBm at center frequency 868.42MHz. The 
system is stably operated over input power 3.3V and its current 
consumption is 6.8mA at standby mode, 30.3mA at active mode.
Abbreviations
USN : Ubiquitous Sensor Network
WSN : Wireless Sensor Network
UWB : Ultra-Wideband
NFC : Near Field Communication
GUI : Graphic User Interface
MEMS : Micro Electro Mechanical System
MCU : Micro Controller Unit
API : Application Program Interface
OSWA : Open Sensor Web Architecture
NRZ : Non Return Zero
FSK : Frequency Shift Keying
CSMA : Carrier Sense Multiple Access
MPU : Micro Processor Unit
PCB : Printed Circuit Board
MAC : Media Access Control
PCB : Personal Digital Assistant
OS : Operating System
SQL : Structured Query Language
SQL : Structured Query Language
QoS : Quality of Service
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Fig. 2.2  Structure of ensor network using Ad-Hoc.
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2.5  
Fig. 2.5 Structure of sensor node.
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Table 2.2 Compare middleware of sensor node with middleware of USN.
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Table 2.4 Wireless communication technologies.
Z-Wave Zigbee Bluetooth UWB WLAN
868.42MHz 
908.42MHz
2.4GHz 2.4GHz 3.1-10.6GHz 2.4GHz
9.6 kbps
40 kbps
250kbps 1Mbps 100Mbps 11Mbps
70m 70m 10m 10m 50m
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2.7  USN 
Fig. 2.7 standardization movement of domestic USN.























3.1  Z-Wave 
Fig. 3.1 Schematic diagram of Z-Wave sensor network.
3.1  Z-Wave Zigbee 















9.6 kbit : -104 dBm
40 kbit : -101 dBm











Flach Memory 32 kbyte 32 kbyte
SRAM 2 kbyte 2 kbyte
3.2 Z-Wave (Z-Wave )
3.2  Z-Wave 
Fig. 3.2 The layer structure of Z-Wave.
3.2.1 (Physical Layer)
RF MEDIA , Manchester 
NRZ , FSK .
3.2.2 (Mac Layer)
Z-Wave Mac layer RF Manchester 
, (SOF), (EOF) 
.
3.3 MAC FRAME 
Fig. 3.3 The transmission structure of MAC layer's FRAME.
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Fig. 3.5 backoff algorithm.
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Fig. 3.6 The frame structure of Z-Wave.






Fig. 3.7 The frame structure of singlecast.
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3.8 Multicast Frame 










Fig. 3.9 Retransmit of transmission layer. 
3.10 Broadcast Frame 




















3.11 Routed Single cast Frame 
Fig. 3.11 Routed single cast frame transmission.
. Routed Acknowledge Frame Type
Z-Wave 
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3.12 Routed Acknowledge Frame 







Fig. 3.13 Routing table of network topology.








.  Frame Layout
Z-Wave 3.14
.









Fig. 3.14 Routing table of network topology.
4 Z-Wave 
4.1 Z-Wave , , 
EEPROM, RS-232, , , PIC 
.
4.1 Z-Wave 
Fig. 4.1 Z-Wave Board block diagram.
 Z-Wave Chip Z-Wave RF . 
4.1 Z-Wave Chip , 
4.1 / Z-Wave RF
RS-232 




4.2 Z-Wave Chip Z-Wave 
Fig. 4.2 Communication module designed by Z-Wave Chip.
4.3 
Fig. 4.3 Temperature-Humidity sensor node design.
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4.1  /
Table 4.1  Temperature & Humidity Sensor spec.
Sensor Sensirion SHT11
Channel Humidity Temperature
Range 0 ~100 % -40 ~ 80 °C 
Accuracy ± 3 % RH(Typical) ± 0.5 °C
Operation Volt 2.4 ~ 5.5V
(a) (b)
4.4 (a) ; (b) MAIN PCB
Fig. 4.4 Layout (a) Sensor module ; (b) Main PCB.
 
(a) (b)
4.5 (a) Z-Wave ; (b) MAIN PCB
Fig. 4.5 (a) Z-Wave sensor module. ; (b) Main sensor module PCB.
4.4 PCB . 4.4 (a) Z-Wave 
PCB 4.4 (b) MAIN PCB .  
4.26 (a) ZW0201 4.5 (b)





Fig. 4.6 Flowchart of controller node.
4.6 Z-Wave . 
H/W S/W Init Z-Wave Sleep mode
. Z-Wave wake-up . 
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4.7 H/W Init, S/W Init, 
Application Poll, Application Command 
Handler .
H/W Init , S/W Init
. Application Poll Application 






Fig. 4.7 Flowchart of sensor module.
. 
4.2  
Table 4.2  Hardware initialize function.
BYTE ApplicationInitHW(BYTE bWakeupReason)
{
  PIN_IN(Button, 1);   //
  PIN_OUT(SSN);     //SCK 




Table 4.3  software initialize function.
BYTE ApplicationInitSW( void ) 
{
  LoadConfiguration();   //EEPROM 
  AssociationInit();      //
  OneButtonInit();      // 
  return(TRUE);
}
4.4  ApplicationCommandHandler 
Table 4.4  ApplicationCommandHandler function acquired data.
    long data1, data2;
    char humi_tempo1, humi_tempo2, temp_tempo1, temp_tempo2;
    post02_Read(MEASURE_HUMI, &data1, &data2);   //
    humd_data1 = data1;
    humd_data2 = data2;
    post02_Read_temp(MEASURE_TEMP, &data1, &data2);  //
    temp_data1 = data1;
    temp_data2 = data2;
    txBuf.ZW_SensorMultilevelReport4byteFrame.cmdClass 
         = COMMAND_CLASS_SENSOR_MULTILEVEL;
   txBuf.ZW_SensorMultilevelReport4byteFrame.cmd  
= SENSOR_MULTILEVEL_REPORT;
   txBuf.ZW_SensorMultilevelReport4byteFrame.sensorType = 0x01;
   txBuf.ZW_SensorMultilevelReport4byteFrame.precisionScaleSize = 0x44;
   txBuf.ZW_SensorMultilevelReport4byteFrame.sensorValue1 = humd_data1;
   txBuf.ZW_SensorMultilevelReport4byteFrame.sensorValue2 = humd_data2;
   txBuf.ZW_SensorMultilevelReport4byteFrame.sensorValue3 = temp_data1;
   txBuf.ZW_SensorMultilevelReport4byteFrame.sensorValue4 = temp_data2;
   // , 2Byte
7 6 5 4 3 2 1 0








Fig. 4.8 Packet of temperature-humidity sensor data structure.
 
01 : Start Of Frame




























Fig. 4.9 Temperature-humidity sensor data waveform.
4.9 Z-Wave 
. Clock 15ms 3.3V . 
14bit , 12bit . 
SHT11
. 4.9
. 4.9 (a), (b), (d) Z-Wave 




Fig. 4.10 A structure of Z-Wave system. 
 
4.11  
Fig. 4.11 Measure the communication distance.




0m, 0.75m, 2m . 5m
1m . 
0m 13m 0.75m 35m 2m 
65m . 3.10 .
4.5  (a) 0m ; (b) 0.75m ; (c) 
2m
Table 4.5  Measure the communication distance is followed by height. (a) height     
 0m ; (b) height 0.75m ; (c) height 2m
(a)
5m 0m 50 0
10m 0m 50 0
11m 0m 50 0
12m 0m 50 0
13m 0m 50 2
14m 0m 50 7
15m 0m 50 11
(b)
10m 0.75m 50 0
15m 0.75m 50 0
20m 0.75m 50 0
25m 0.75m 50 0
30m 0.75m 50 0
31m 0.75m 50 0
32m 0.75m 50 0
33m 0.75m 50 3
34m 0.75m 50 3
35m 0.75m 50 13
(c)
10m 2m 50 0
20m 2m 50 0
30m 2m 50 0
40m 2m 50 0
50m 2m 50 0
60m 2m 50 0
65m 2m 50 0
70m 2m 50 13
75m 2m 50 39
 
(a) (b)
4.12  (a) ; (b) 







4.13  Z-Wave (a) 868.42MHz ; (b) 
867.6MHz ; (c) 869.2MHz
Fig. 4.13  The output frequency measurement of Z-Wave sensor node (a) Center 
frequency 868.42MHz ; (b) Guard frequency 868.42MHz ; (c) Guard 
frequency 869.2MHz.
4.14  PC application 
Fig. 4.14  Output of PC application programing. 
4.15 30
4.15 TXT 
Fig. 4.15 Saved data of TXT output.
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